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A b s t r a c t  

A summary o f  t h e  e x i s t i n g  t y p e s  o f  a i r  i n f i l t r a t i o n  
measurement t e c h n i q u e s  and i n s t r u m e n t a t i o n  u s i n g  t r a c e r  
g a s e s  i s  p r e s e n t e d .  A u t o m a t e d  a i r  i n f  i l t r a t i o n  
i n s t r u m e n t a t i o n  u s e d  by r e s e a r c h e r s  i n  t h e  U n i t e d  
S t a t e s ,  Canada, t h e  Uni ted  Kingdom, Denmark, Sweden and 
S w i t z e r l a n d  a r e  d e s c r i b e d .  The equipment  can  o p e r a t e  i n  
t h e  d i l u t i o n  ( d e c a y )  mode, c o n s t a n t  f l o w  mode and  t h e  
c o n s t a n t  c o n c e n t r a t i o n  mode. Most of  t h e s e  i n s t r u m e n t s  
a r e  microcomputer  or  mic roprocessor  based and c a p a b l e  
of  p e r f o r m i n g  r e a l  t i m e  d e t e r m i n a t i o n  of  t h e  a i r  
i n f i l t r a t i o n  r a t e  i n  m u l t i z o n e  b u i l d i n g s  and m o n i t o r  
t h e  s t a t e  of  a d d i t i o n a l  p a r a m e t e r s  such  a s  t e m p e r a t u r e ,  
w i n d  s p e e d  a n d  e n e r g y  c o n s u m p t i o n .  Two s i m p l e  
t e c h n i q u e s ,  t h e  a i r  b a g  o r  c o n t a i n e r  me thod  a n d  t h e  
average  i n f  il t r  a t i o n  moni to r ,  developed by r e s e a r c h e r s  
i n  t h e  Uni ted  S t a t e s  a r e  summarized. 
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1, INTRODUCTION 

The i m p o r t a n t  m i s s i n g  i n g r e d i e n t  i n  t h e  e n e r g y  u s e  
a n a l y s i s  of  b u i l d i n g s ,  f r o m  t h e  s m a l l e s t  house  t o  t h e  
l a r g e s t  b u i l d i n g  complex,  i s  o f t e n  t h e  e n e r g y  l o s t  t o  
v e n t i l a t i o n  a n d  a i r  i n f i l t r a t i o n .  I t  i s  n o t  t h a t  
measurement  methods  a r e  u n a v a i l a b l e ,  b u t  r a t h e r  t h a t  
t h e  importance of t h e  a i r  exchange measurement has  n o t  
been given proper  emphasis i n  t h e  pas t .  The s u b j e c t  of 
t h i s  p a p e r  i s  t o  p r o v i d e  a  p e r s p e c t i v e  a s  t o  where  we 
s t and  today i n  a i r  exchange measurements on s i t e  and t o  
provide an  overview of where we may be  heading i n  t h i s  
r a p i d l y  advancing f i e l d .  

A t  t h e  F i r s t  Ai r  I n f i l t r a t i o n  Centre  Conference [l] it 
w a s  ev iden t  t h a t  r e sea rch  groups were working w i t h  two 
a i r  i n f i l t r a t i o n  m e a s u r e m e n t  t e c h n i q u e s  --  
p r e s s u r i z a t i o n  and  t r a c e r  gas .  Both t e c h n i q u e s  had 
received wide acceptance and had been used toge the r  or  
s e p a r a t e l y  by t h e  groups i n  f i e l d  s t u d i e s ,  

The s i m p l e r  method r e l i e s  on p r e s s u r i z a t i o n  of t h e  
b u i l d i n g  t o  s u p p l y  i n f o r m a t i o n  o n  t h e  r e l a t i v e  
t i g h t n e s s  of t h e  b u i l d i n g ,  and w i t h  t h e  a d d i t i o n  of 
a n c i l l a r y  equipment such a s  i n f r a r e d  imaging systems or  
s m o k e  i n j e c t i o n  t e c h n i q u e s ,  l e a k a g e  s i t e  
d e t e r m i n a t i o n .  To a c h i e v e  t h e  p r e s s u r i z a t i o n / d e p r e s -  
s u r i z a t i o n  of  t h e  b u i l d i n g ,  a  f a n  s y s t e m  of v a r i o u s  
f o r m s  c a n  b e  used ,  Acces s  t o  t h e  b u i l d i n g  i s  u s u a l l y  
g a i n e d  by r e p l a c i n g  a  door  o r  window w i t h  a  p a n e l  
t h r o u g h  wh ich  a  m e a s u r a b l e  f l o w  i s  induced ,  V i t a l  t o  
t h e  a p p r o a c h  i s  t h e  a c c u r a t e  measurement  of a i r  f l o w  
which may be achieved by an on - s i t e  measurement dev ice  
a t t a c h e d  t o  t h e  f a n  o r  by c a l i b r a t i n g  t h e  f a n  i n  t h e  
l a b o r a t o r y  and us ing  t h e  r a t e  of r o t a t i o n  and p r e s s u r e  
d i f f e r e n c e  a c r o s s  t h e  fan  t o  determine t h e  vo lume t r i c  
a i r  f l ow .  To u s e  t h e  d a t a  f rom t h i s  t e s t  method f o r  
p r e d i c t i n g  t h e  a i r  i n f i l t r a t i o n  u n d e r  n a t u r a l  
cond i t i ons ,  a d d i t i o n a l  d a t a  such a s  t h e  s i t e  l o c a t i o n ,  
bu i ld ing  d e t a i l s  and weather d a t a  a r e  required.  Thus a  
model i s  an  i n t e g r a l  p a r t  of t h i s  approach i n  o rde r  t o  
a r r i v e  a t  r e a s o n a b l e  p r e d i c t i o n s  of  what l e v e l  of 
n a t u r a l  a i r  i n f i l t r a t i o n  w i l l  o c c u r  i n  t h e  b u i l d i n g .  
Such a  model  h a s  been d e v e l o p e d  by t h e  r e s e a r c h e r s  a t  
L a w r e n c e  B e r k e l e y  L a b o r a t o r y  ( L B L )  a n d  o t h e r  
l a b o r a t o r i e s  [ l ] .  F i e l d  t e s t i n g  o f  t h e  model h a s  been 
encouraging i n  many i n s t a n t s .  

The t r a c e r  gas  technique i s  t h e  method most widely used 
f o r  d e t e r m i n i n g  t h e  a c t u a l  a i r  i n f i l t r a t i o n  r a t e  a t  a  
s p e c i f i c  i n s t a n t  of t ime  i n  t h e  bu i ld ing ,  The use of a  
t r a c e r  g a s ,  a s  t h e  name i m p l i e s ,  p r o v i d e s  a method by 
which t h e  a i r  i n  t h e  b u i l d i n g  can be  t a g g e d  and t h u s  



i d e n t i f i e d  s o  t h a t  an account ing can be  made a s  t o  how 
much outdoor a i r  r e p l a c e s  it, Only a  s m a l l  q u a n t i t y  of 
t r a c e r  g a s  i s  r e q u i r e d ,  u s u a l l y  a t  c o n c e n t r a t i o n s  i n  
t h e  p a r t s  pe r  m i l l i o n ,  p a r t s  per  b i l l i o n s  and sometimes 
i n  t h e  p a r t s  p e r  t r i l l i o n  range.  A wide  c h o i c e  of 
t r a c e r  g a s e s  i s  a v a i l a b l e  t o d a y  b u t  b a s e d  on  t h e  
c r i t e r i a  of d e t e c t a b i l i t y ,  s a f e t y ,  s i m p l i c i t y ,  q u a n t i t y  
and c o s t  c e r t a i n  g a s e s  have  p roven  t o  be  p r e f e r a b l e .  
Some common c h o i c e s  a r e  s u l p h u r  h e x a f l o r i d e  (SF6) ,  
n i t r o u s  o x i d e  ( N 2 0 ) ,  c a r b o n  d i o x i d e  (co2)r and e t h a n e  
( C  H 6 ) ,  T h i s  p a p e r  d i s c u s s e s  t h e *  v a r i o u s  t y p e s  of 
meqhods and e q u i p m e n t s  now i n  u s e  i n  v a r i o u s  p a r t s  of 
t h e  world f o r  t h e  measurement of a i r  in£ i l A ^ t r a t i o n  by 
t h e  t r a c e r  g a s  t e c h n i q u e ,  Automated equ ipmen t  f o r  
m e a s u r i n g  t h e  a i r  i n f i l t r a t i o n  r a t e  by t h e  decay  
( d i l u t i o n )  method,  t h e  c o n t i n u o u s  f l o w  method and  t h e  
cons t an t  concen t r a t i on  method developed by l a b o r a t o r i e s  
i n  t h e  U n i t e d  S t a t e s ,  Canada,  t h e  U n i t e d  Kingdom, 
Sweden, Denmark and S w i t z e r l a n d  a r e  d e s c r i b e d .  Two 
s i m p l e  and  i n e x p e n s i v e  t e c h n i q u e s  deve loped  i n  t h e  
Un i t ed  S t a t e s  wh ich  do n o t  r e q u i r e  t h e  dep loymen t  of 
o n - s i t e  g a s  m o n i t o r i n g  equ ipmen t  a r e  d e s c r i b e d .  The 
f i r s t ,  c a l l e d  t h e  a i r  s a m p l e  bag o r  c o n t a i n e r  method,  
uses  a i r  g r ab  samples c o l l e c t e d  a f t e r  t h e  i n j e c t i o n  of 
t h e  t r a c e r  and which a r e  analyzed i n  t h e  l a b o r a t o r y  f o r  
d e t e r m i n a t i o n  of t h e  a i r  i n f i l t r a t i o n  r a t e  by t h e  
d i l u t i o n  me thod .  The s e c o n d  m e t h o d ,  c a l l e d  an  
averaging i n f i l t r a t i o n  monitor ( A I M )  by i t s  deve lopers  
a t  LBL,  u s e s  a  c o n s t a n t  i n j e c t i o n / c o n s t a n t  s a m p l e  
t e c h i n q u e  t o  p r o v i d e  a  measure  of t h e  a v e r a g e  a i r  
i n f i l t r a t i o n  r a t e  e x p e r i e n c e d  by t h e  b u i l d i n g  o v e r  an 
extended pe r iod  of t ime,  

2, THEORETICAL BASIS FOR THE MEASUREMENT TECHNIQUES 

The t h e o r e t i c a l  b a s i s  f o r  t h e  t r a c e r  g a s  measurement  
techniques  l i e  i n  t h e  c o n t i n u i t y  equat ion:  

where: 
Co, C a r e  t h e  outdoor and indoor concen t r a t i ons  of t h e  
t r a c e r  a t  t i m e  t 
v ( t )  i s  t h e  r a t e  a t  which  t h e  a i r  e n t e r s  ( o r  l e a v e s )  
t h e  bu i ld ing  
f ( t )  i s  t h e  r a t e  p e r  u n i t  volume of p r o d u c t i o n  ( o r  
absorp t ion)  of t h e  t r a c e r  g a s  i n s i d e  t h e  bu i ld ing  
V is  t h e  volume of t h e  bu i ld ing .  



The q u a n t i t y  v ( t ) / V  i s  t h e  a i r  e x c h a n g e  r a t e  o f  t h e  
b u i l d i n g  ( A I )  u s u a l l y  e x p r e s s e d  i n  a i r  c h a n g e s  p e r  
h o u r .  E q u a t i o n  1 i s  n o t h i n g  m o r e  t h a n  a  g l o b a l  
c o n s e r v a t i o n  o f  m a s s  e q u a t i o n  f o r  t h e  g a s  t r a c e r .  
However,  i t  i s  b a s e d  o n  t h e  i m p o r t a n t  a s s u m p t i o n  t h a t  
t h e  b u i l d i n g  i s  a  s i n g l e  c h a m b e r  i n  w h i c h  t h e  t r a c e r  
g a s  c o n c e n t r a t i o n  i s  uni form th roughou t ;  i.e, t h e r e  i s  
p e r f e c t  m i x i n g .  A d i s c u s s i o n  o f  t h e  e r r o r s  i n  t h e  
d e t e r m i n a t i o n  of  t h e  a i r  i n £  i l t r a t i o n  us ing  e q u a t i o n  1 
when  t h e  m i x i n g  i s  n o t  u n i f o r m  c a n  b e  f o u n d  i n  
r e f e r e n c e  121. For b u i l d i n g  e v a l u a t i o n s  t h e  t r a c e r  g a s  
i s  a l w a y s  c h o s e n  s u c h  t h a t  Co = 00 E q u a t i o n  1 c a n  b e  
s o l v e d  e x a c t l y  t o  g ive :  

L 

~ ( t )  = c1 exp  ( -  1"-- 4 s  ) + r ~ ( t , s )  f ( s )  d s  (2) 
' t l  V ' tl 

where: 

and C 1  = c ( t l )  

Decav _ ( D i l u t i o n )  Method 

I n  t h e  d e c a y  ( d i l u t i o n )  m e t h o d  t h e  t r a c e r  g a s  i s  
i n j e c t e d  a t  c e r t a i n  i n t e r v a l s  o f  t i m e ,  a l l o w e d  t o  mix  
and t h e  d e c a y  o f  t h e  t r a c e r  i s  o b s e r v e d ,  I n  t h i s  case 
f ( t )  = 0 a n d  t h e  s o l u t i o n  2 r e d u c e s  t o :  

T h e r e f  o r e  t h e  a v e r a g e  a i r  i n f i l t r a t i o n  r a t e  i n  t h e  
p e r i o d  (t ,tl) c a n  be  o b t a i n e d  from t h e  r e l a t i o n :  

where DT = t-ti 

I n  most  a p p l i c a t i o n s  v ( t )  i s  a l m o s t  c o n s t a n t  i n  t h e  
i n t e r v a l  on  m e a s u r e m e n t  ( t , t l )  a n d  t h e  d e c a y  o f  t h e  
t r a c e r  g a s  i s  a p p r o x i m a t e l y  e x p o n e n t i a l  ( s e e  f i g u r e  1). 



Cons tan t  Flow Mode 

I n  t h e  c o n s t a n t  f l o w  mode of t r a c e r  g a s  measurements ,  
t h e  i n j e c t i o n  f l o w  r a t e  f ( t )  i s  s p e c i f i e d  a t  a  known 
c o n s t a n t  v a l u e  F. I n  t h i s  c a s e  t h e  s o l u t i o n  2 t o  t h e  
c o n t i n u i t y  e q u a t i o n  r e d u c e s  t o :  

I n  g e n e r a l  t h e r e  i s  no  s i m p l e  way t o  s o l v e  ( 5 )  f o r  
v ( t ) ;  however i n  most a p p l i c a t i o n s  v ( t )  is  t r e a t e d  a s  a  
c o n s t a n t  Q and e q u a t i o n  (5 )  r educes  t o :  

For  t i m e s  t > >  tl, e q u a t i o n  ( 6 )  becomes  t h e  s i m p l e  
r e l a t i o n :  

I t  s h o u l d  b e  p o i n t e d  o u t  t h a t  e q u a t i o n s  ( 6 )  a n d  (7) 
a r e  s t r i c t l y  v a l i d  o n l y  f o r  c o n s t a n t  a i r  i n f i l t r a t i o n  
r a t e s  Q. 

Cons tan t  C o n c e n t r a t i o n  Mode 

The r e a s o n  t h a t  many r e s e a r c h e r s  a r e  us ing  t h e  c o n s t a n t  
c o n c e n t r a t i o n  mode comes f rom a  mul t ichamber  t r e a t m e n t  
of  t r a c e r  movement i n  a  b u i l d i n g .  The c o n t i n u i t y  
e q u a t i o n s  i n  t h i s  c a s e  f o r  t h e  t r a c e r  c o n c e n t r a t i o n s  
C i ( t )  i n  t h e  i t h  chamber a r e  [3 ,4] :  

The t e r m s  v i  r e p r e s e n t  t h e  a i r  i n f i l t r a t i o n  f r o m  t h e  
e x t e r i o r  i n t o  t h e  c h  mber  and  t h e  t e r ~ g  V i j  a r e  t h e  
f l o w  r a t e s  f r o m  t h e  jh  chamber  t o  t h e  i chamber .  Due 
t o  s t a b i l i t y  d i f f i c u l t i e s  i n  u s i n g  t h e  s o l u t i o n  t o  
e q u a t i o n s  ( 8 )  f o r  d e t e r m i n i n g  t h e  c o e f f i c i e n t s  v i  and 
v i j ,  t h e s e  f l o w  r a t e s  c a n n o t  i n  p r a c t i c e  be  de te rmined  
by measur ing  t h e  c o n c e n t r a t i o n  decays  i n  each chamber 
w i t h  a  s i n g l e  t r a c e r  g a s  [ 4 ] .  T h i s  c a n  o n l y  b e  done  
us ing  m u l t i t r a c e r  g a s e s  and s t i l l  some knowledge a s  t o  
t h e  d i r e c t i o n  o f  t h e  i n t e r r o o m  a i r  f l o w s i s  u s e f u l .  
However,  i f  o n e  c a n  k e p t  t h e  c o n c e n t r a t i o n s  i n  e a c h  
chamber t h e  same and a t  a  c o n s t a n t  l e v e l  by c o n t r o l l i n g  
t h e  i n j e c t i o n  f l o w s  f i r  t h e n  t h e  a i r  i n f  i l t r a t i o n  r a t e s  



i n t o  each chamber c a n  be  d e t e r m i n e d  by 

where c0 is  t h e  c o n s t a n t  l e v e l  of t r a c e r  c o n c e n t r a t i o n .  
T h u s  t h e  a i r  i n f i l t r a t i o n  r a t e  i s  d e t e r m i n e d  b y  
m e a s u r i n g  t h e  amount  o f  t r a c e r  i n j e c t e d  i n t o  e a c h  
chamber  r e q u i r e d  t o  m a i n t a i n  a  c o n s t a n t  l e v e l ,  The  
m a j o r  c r i t i c i s m  o f  t h i s  mode o f  u s i n g  a  t r a c e r  g a s  i s  
t h a t  t h e r e  i s  no  s t a b l e  c o n t r o l  s c h e m e  w h i c h  w i l l  d o  
t h i s  [ 3 ]  a n d  t h e r e f o r e  t h e  l e v e l  o f  t r a c e r  i s  n e v e r  
r e a l l y  c o n s t a n t ,  

3 ,  AUTOMATED TRACER DECAY EQUIPMENT 

Automated a i r  i n f i l t r a t i o n  m e a s u r i n g  e q u i p m e n t  u s i n g  
t h e  t r a c e r  d e c a y  m e t h o d  h a s  b e e n  d e v e l o p e d  b y  
r e s e a r c h e r s  a t  t h e  N a t i o n a l  B u r e a u  o f  S t a n d a r d s  (NBS) 
and  P r i n c e t o n  U n i v e r s i t y  a n d  h a v e  b e e n  i n  u s e  s i n c e  
1 9 7 4  i n  t h e  U n i t e d  S t a t e s ,  T h e s e  s y s t e m s  u s e  a n  
e l e c t r o n  c a p t u r e  g a s  c h r o m a t o g r a p h  w h i c h  c a n  m e a s u r e  
 SF^ i n  t h e  ppb  r a n g e ,  The e a r l i e r  v e r s i o n s  o f  t h e s e  
s y s t e m s  u s e d  m e c h a n i c a l  s e q u e n c i n g  t i m e r s  t o  c o n t r o l  
t h e  sampl ing  and i n j e c t i o n  and recorded  t h e  o u t p u t  on a  
s t r i p  c h a r t  r e c o r d e r  [ 5 , 6 ] ,  L a t e r  e l e c t r o n i c  c o n t r o l  
c i r c u i t s  r e p l a c e d  t h e  m e c h a n i c a l  t i m e r s  a n d  a n  
e l e c t r o n i c  peak d e t e c t o r  was i n c o r p o r a t e d  i n t o  t h e  u n i t  
a n d  t h e d a t a  w e r e  r e c o r d e d  o n  a  m a g n e t i c  c a s s e t t e  i n  
A S C I I  c o d e  [7], F i g u r e  1 s h o w s  a  s a m p l e  o f  d a t a  
c o l l e c t e d  b y  t h i s  e q u i p m e n t  i n  a s e v e n  s t o r e y  
a d m i n i s t r a t i o n  b u i l d i n g  a t  P r i n c e t o n  U n i v e r s i t y .  The 
l a t e s t  v e r s i o n  o f  t h i s  series of  equipment  c o n s i s t s  of 
a S-100 B u s s  mic rocomputea :  w i t h  t w o  5 1 / 4  i n c h  d u a l -  
s i d e d  f l o p p y  d i s c  d r i v e s ,  a  r e a l - t i m e  c l o c k ,  a CRT 
t e r m i n a l ,  a n  e l e c t r o n  c a p t u r e  d e t e c t o r  g a s  
c h r o m a t o g r a p h ,  a t e n  p o r t  s a m p l i n g  m a n i f  o l d ,  f i v e  
i n j e c t i o n  u n i t s  and  i n t e r f a c e s  f o r  b o t h  a n a l o g u e  a n d  
d i g i t a l  d a t a  [ 8 ] .  T h i s  s y s t e m  h a s  b e e n  u s e d  i n  a i r  
i n f i l t r a t i o n  s t u d i e s  i n  l a r g e  b u i l d i n g s ,  F i g u r e  2 shows 
a  s c h e m a t i c  o f  a  t w e n t y - s i x  s t o r e y ,  450,000 m3 o f f i c e  
b u i l d i n g  i n  w h i c h  a i r  i n f i l t r a t i o n  m e a s u r e m e n t s  a r e  
b e i n g  made. Two s u c h  s y s t e m s  a r e  d e p l o y e d  i n  t h i s  
b u i l d i n g ,  One m e a s u r e s  t h e  a i r  i n f i l t r a t i o n  r a t e s  i n  
t h e  t o w e r  ( f l o o r s  3  t o  26)  p o r t i o n  o f  t h e  b u i l d i n g  a n d  
is l o c a t e d  i n  t h e  mechanica l  equipment  room of t h e  26 th  
f l o o r ,  The sampl ing  network f o r  t h i s  sytem i s  shown i n  
f i g u r e s  3  and 4. T h i s  sys tem a l s o  measures  t h e  ou tdoor  
e n v i r o n m e n t  f r o m  a  l o c a l  w e a t h e r  s t a t i o n  on  t h e  r o o f  
and t h e  i n t e r i o r  t e m p e r a t u r e s  on e a c h  of  t h e  s a m p l e d  
f l o o r s .  An e x t e r i o r  p r e s s u r e  measur ing  sys tem w i l l  b e  
a d d e d  t o  t h i s  i n s t r u m e n t a t i o n ,  The s e c o n d - s y s t e m  i s  
l o c a t e d  i n  t h e  l o w e r  m e c h a n i c a l  e q u i p m e n t  room a n d  



m o n i t o r s  t h e  f o u r  l o w e r  z o n e s  o f  t h e  b u i l d i n g  a n d  t h e  
a d j a c e n t  f o u r  s t o r e y  P l a z a  Bui ld ing .  A t y p i c a l  t r a c e  of 
d a t a  f r o m  t h e  t o w e r  i s  shown i n  f i g u r e  5. I n j e c t i o n  
o c c u r r s  1 0  m i n u t e s  b e f o r e  e a c h  h o u r .  Note  t h a t  t h e  
t r a c e r  i s  f a i r l y  w e l l  mixed a f t e r  t w e n t y  m i n u t e s .  
F i g u r e  6 shows t h e  a v e r a g e  d a i l y  a i r  i n f i l t r a t i o n  r a t e s  
f o r  t h e  m o n t h s  o f  A p r i l  a n d  May o f  1981.  Days o n  w h i c h  
t h e r e  a r e  no d a t a  a r e  u s u a l l y  weekends o r  h o l i d a y s  when 
t h e  HVAC s y s t e m s  i n  t h e  b u i l d i n g  a r e  n o t  o p e r a t i n g .  
These a i r  i n f i l t r a t i o n  measur ing  s y s t e m s  have o p e r a t e d  
1 8  d a y s  w i t h o u t  human a t t e n t i o n  and  30  d a y s  w i t h o u t  
l o s s  of  d a t a .  

H a r t m a n  a n d  M u h l e b a c h  [9] o f  t h e  S w i s s  F e d e r a l  
L a b o r a t o r i e s  f o r  M a t e r i a l  T e s t i n g  a n d  R e s e a r c h  h a v e  
des igned  a  t r a c e r  decay sys tem c o n t r o l l e d  by a  s p e c i a l  
c o n t r o l l e r .  Da ta  f rom t h i s  u n i t  i s  ana lyzed  o f f  l i n e  on 
a  c e n t r a l  c o m p u t e r ,  T h i s  s y s t e m  u s e s  N 2 0  a s  a t r a c e r  
and a n  i n f r a r e d  a n a l y s e r  (MIRAN)  o p e r a t i n g  i n  t h e  1 0  t o  
20 ppm r a n g e .  T h i s  s y s t e m  c a n  h a n d l e  up  t o  s i x  rooms 
and  a l s o  m e a s u r e s  a i r  t e m p e r a t u r e ,  h u m i d i t y ,  wind  
v e l o c i t y ,  wind d i r e c t i o n  and wind p r e s s u r e .  

4. CONSTANT CONCENTRATION TRACER GAS EQUIPMENT 

Automated  a i r  i n £  il t r a t i o n  m e a s u r i n g  equipment  us ing  
t h e  c o n s t a n t  c o n c e n t r a t i o n  method h a s  been developed i n  
t h e  U n i t e d  Kingdom, Denmark,  Sweden and Canada.  The 
U.K. a u t o m a t e d  a i r  i n f i l t r a t i o n  u n i t  c a l l e d  A u t o v e n t  
[ l o ]  d e v e l o p e d  by A l e x a n d e r ,  G a l e  and E t h r i d g e  of  
B r i t i s h  G a s  t o  a c h e i v e  c o n s t a n t  t r a c e r  g a s  
c o n c e n t r a t i o n  i s  b a s e d  upon a  m i c r o p r o c e s s o r  and a 
r a p i d  a n a l y s i s  o f  t h e  i n d i v i d u a l  s a m p l e s .  The  ~ 2 0  
d e t e c t o r  w i t h  a  two second r i s e  t i m e  a l l o w s  t h a t  a  room 
o r  z o n e  may b e  a n a l y z e d  e v e r y  6 s e c o n d s .  The s a m p l i n g  
i s  t h r o u g h  t u b e s  o f  e q u a l  l e n g t h  and t h e  r e c o r d e d  
c o n c e n t r a t i o n  v a l u e  ( t o g e t h e r  w i t h  t h e  p r e v i o u s  
r e a d i n g )  i s  u s e d  t o  v a r y  t h e  amount  of N 2 0  i n j e c t e d  
p r i o r  t o  t h e  n e x t  s a m p l i n g ,  The n o m i n a l  c o n c e n t r a t i o n  
is m a i n t a i n e d  a t  50 + 2  ppm, I n j e c t i o n  t a k e s  p l a c e  f o r  
d u r a t i o n s  up t o  h a l f  of t h e  p e r i o d  ( t o  a  maximum of  30 
s e c o n d s )  b e t w e e n  s a m p l e s ,  Each o f  t h e  i n j e c t i o n  l i n e s  
i s  c a l i b r a t e d  p r i o r  t o  t h e  e x p e r i m e n t  s o  t h a t  t h e  
i n j e c t i o n  r a t e  c a n  m e e t  l o c a l  n e e d s .  The r a n g e  o f  a i r  
i n f i l t r a t i o n  t h a t  can  b e  accomodated a f t e r  c a l i b r a t i o n  
i s  f r o m  f o u r  o r  f i v e  t o  one ,  T h i s  e q u i p m e n t  h a s  been  
u s e d  o v e r  a  p e r i o d  of  a l m o s t  t w o  y e a r s  w i t h  u p  t o  1 2  
rooms measured s i m u l t a n e o u s l y .  O v e r a l l  accuracy  of  10% 
i s  r e p o r t e d ,  S i x  h o u s e s  h a v e  b e e n  c a r e f u l l y  a n a l y z e d  
u s i n g  t h i s  e q u i p m e n t .  F u t h e r m o r e ,  t h e  a n a l y z e r  h a s  a  
second c h a n n e l  a l l o w i n q  CO2 t r a c e r  g a s  a n a l y s i s .  Using 
t w o  t r a c e r  g a s e s  s i m u  t a n e o u s l y ,  e x c h a n g e  r a t e s  f r o m  
t h e  l i v i n g  a r e a  t o  t h e  a t t i c  have been determined.  



T h e  D a n i s h  a u t o m a t e d  a i r  i n f i l t r a t i o n  s y s t e m  i s  
m i c r o c o m p u t e r  b a s e d  and  h a s  b e e n  d e v e l o p e d  by C o l l e t  
and McNally of t h e  I n s t i t u t e  of Technology i n  Taas t rup .  
There  a r e  many s i m i l a r i t i e s  t o  t h e  U.K. sys tem i n  t h i s  
new r e s e a r c h  e f f o r t  focused  on occupant  a c t i v i t i e s  such  
a s  o p e n i n g  a n d  c l o s i n g  o f  windows  a n d  d o o r s  a n d  t h e i r  
e f f e c t  on  a i r  c h a n g e  r a t e s  i n  e a c h  of  1 0  rooms i n  a  
h o u s e  s o u t h  o f  Copenhagen.  The  i n j e c t i o n  o f  N 2 0  c a n  
t a k e  p l a c e  e s s e n t i a l l y  o n  a  c o n t i n u o u s  b a s i s ,  h e n c e  
more  t h a n  1 0  t o  l v a r i a t i o n s  i n  a i r  c h a n g e  r a t e s  c a n  b e  
accommodated  ( f r o m  a  few t e n t h s  t o  f i v e  o r  more  a i r  
changes  p e r  hour w i t h  a n  a c c u r a c y  v a r y i n g  from 2 5 %  t o  
+ l o % ) .  S m a l l  (12 c m  d i a , )  s i l e n t  f a n s  a r e  s p o t t e d  n e a r  - 
t h e  ~ 2 0  i n j e c t i o n  p o r t  i n  e a c h  room t o  p r o m o t e  r a p i d  
mixing of t h e  t r a c e r  gas .  Ten s o l e n o i d  v a l u e s  a r e  used 
t o  c o n t r o l  i n j e c t i o n ,  and a n o t h e r  t e n  c o n t r o l  sampl ing  
t o  t h e  URAS-7N i n £  r  a r e d  d e t e c t o r .  The e x p e r i m e n t a l  
d e s i g n  a l s o  r o v i d e s  a  t ank  o f  ~~0 r e f e r e n c e  g a s  a t  4 8  B ppm t o  p e r i o  i c a l l y  check t h e  d e s i g n  v a l u e  of 5022 ppm 
~~0 c o n c e n t r a t i o n s  w i t h i n  t h e  home. T e m p e r a t u r e  a n d  
h u m i d i t y  s e n s o r s  a r e  b e i n g  a d d e d  t o  f u r t h e r  i n c r e a s e  
read ing  accuracy ,  S i n c e  t h e  s t u d y  emphas izes  occupancy 
e f f e c t s ,  t h e  t u b i n g  t h a t  r u n s  t h r o u g h t o u t  t h e  house h a s  
b e e n  k e p t  a s  u n o b t r u s i v e  a s  p o s s i b l e  ( o n l y  3 - 4  m m  
d i a . ) ,  A t  t h e  d o o r w a y s  m e t a l  t u b e s  n e a r  t h e  h i n g e  a r e  
u s e d  t o  p r o v i d e  t h e  t u b i n g  p a t h s  s o  t h a t  t h e  d o o r  
o p e r a t i o n  i s  u n a f f e c t e d ,  The N20 i n j e c t i o n  o r i f i c e s  f o r  
e a c h  room w e r e  c a r e f u l l y  d e s i g n e d  t o  p r o v i d e  c h o k e d  
f l o w  and were  s u b s e q u e n t l y  c a l i b r a t e d ,  The sys tem can  
o p e r a t e  f o r  u p  t o  s i x  d a y s  u n a t t e n d e d ,  R e c o r d s  a r e  
m a i n t a i n e d  on f l o p p y  d i s c ,  w i t h  a  v i e w i n g  s c r e e n  
p rov ided  t o  check o n - s i t e  o p e r a t i o n .  Also  a  s t a t i s t i c a l  
p a c k a g e  c a n  b e  u s e d  on s i t e  t o  f u r t h e r  p r o v i d e  s y s t e m  
checks .  

The use of  s i m i l a r  c o n c e p t s  t o  measure a i r  i n f i l t r a t i o n  
a u t o m a t i c a l l y  h a v e  b e e n  u s e d  i n  t h e  S w e d i s h  u n i t  f o r  
t r a c e r  g a s  measurements  r e p o r t e d  by P e t t e r s s o n  of t h e  
Swedish N a t i o n a l  T e s t i n g  I n s t i t u t e .  The s h o r t  r e s p o n s e  
t i m e  of  t h e  N20 a n a l y z e r  h a s  made it  o s s i b l e  t o  
c o l l e c t a l a r g e  number  o f  s a m p l e s  p e r  u n i t  e ime,  I n  t h e  
c a s e  of  f i e l d  m e a s u r e m e n t s  on  a  v a r i e t y  of  b u i l d i n g s  
t h e  problem of t h e  two hour equipment  warm-up t i m e  f o r  
t h e  URAS-7N a n a l y s e r  h a s  b e e n  s o l v e d  by a  12V/220V 
t r a n s f o r m e r  i n  t h e  i n s t r u m e n t a t i o n  van and warming up  
i s  a c c o m p l i s h e d  i n  t r a n s i t ,  An a l t e r n a t e  M I R A N  l O l A  
a n a l y z e r  r e q u i r e s  1 0  m i n u t e s  o r  l e s s  t o  warm up, The 
a r r a n g e m e n t  of  t h e  1 0  t u b e s  t o  t h e  a n a l y z e r  a l l o w s  9 
a i r  samples  and one f r e s h  a i r  purge. The f r e s h  a i r  must 
b e  r a i s e d  t o  room t e m p e r a t u r e  t o  a v o i d  a n a l y s i s  
problems,  The pumping sys tem moves t h e  samples  t o  t h e  
a n a l y z e r  t h r o u g h  1 0  m e t e r  l o n g ,  6mm d i a m e t e r  p l a s t i c  
t u b e s  w i t h i n  t h e  house .  When o p e r a t e d  f r o m  t h e  v a n ,  
s p e c i a l  2 5  m e t e r  t u b i n g  i s  u s e d  t o  t h e r m a l l y  i n s u l a t e  



t h e  e n c l o s e d  9 p l a s t i c  t u b e s ,  The measurements  a r e  made 
a t  a  c e r t a i n  d e f i n i t e  f r e q u e n c y ,  t r e a t e d  b y  t h e  
m i c r o p r o c e s s o r ,  and r e c o r d e d  a s  a i r  c h a n g e s  p e r  h o u r  
f o r  t h e  i n d i v i d u a l  p o i n t s .  

Up t o  t h i s  p o i n t  t h e  emphasis  i n  t h i s  s e c t i o n  h a s  been 
on  t h e  u s e  of  ~~0 a s  t h e  t r a c e r  g a s .  Dumont o f  t h e  
N a t i n a l  R e s e a r c h  C o u n c i l  o f  C a n a d a  r e p o r t s  o n  a  
C a n a d i a n  c o n s t a n t  c o n c e n t r a t i o n  a i r  i n f i l t r a t i o n  
a p p a r a t u s  t h a t  i s  based on SF6 a s  a  t r a c e r  g a s  and used 
a n  e l e c t r o n  c a p t u r e  g a s  c h r o m a t o g r a p h .  The a p p a r a t u s  
h a s  b e e n  f u n c t i o n i n g  f o r  t h r e e  y e a r s  a n d  i s  now 
a v a i l a b l e  a s  a  c o m m e r c i a l l y  packaged u n i t  [ I ] .  The u n i t  
has  d e m o n s t r a t e d  t h e  a b i l i t y  t o  ho ld  SF6 c o n c e n t r a t i o n s  
i n  a  h o u s e  c o n s t a n t  t o  w i t h i n  24% o v e r  1 5  m i n u t e  
i n t e r v a l s  a n d  f 2 %  o v e r  a  o n e - h o u r  i n t e r v a l .  The  
c o n t r o l l e r  f e e d b a c k  l o o p  u s e s  a  p r o p o r t i o n a l  p l u s  
i n t e g r a l  a c t i o n .  Unattended t h e  u n i t  has  run 72 hours.  
Opera t ing  i n  t h e  "sample" mode u s i n g  t h e  IT1 d e t e c t o r ,  
g e n e r a l l y  a  l e v e l  o f  1 5  ppb o f  SF6 i s  m a i n t a i n e d .  
C o n s e q u e n t l y ,  t h e  amount  o f  t r a c e r  g a s  u s e d  d u r i n g  a n  
e x p e r i m e n t  i s  v e r y  s m a l l .  A t  t h e  s t a r t  o f  t h e  
exper iment ,  it u s u a l l y  t a k e s  abou t  1 hour t o  r e a c h  t h e  
d e s i r e d  s e t p o i n t  l e v e l  o f  SF6e T O  d a t e  more  t h a n  20 
houses  have been t e s t e d  u s i n g  t h i s  equipment.  

The m a j o r  w e a k n e s s  o f  t h e  a p p a r a t u s  h a s  b e e n  i n  t h e  
o p e r a t i o n  o f  t h e  d e t e c t o r ,  W i t h  t h e  v e r y  h i g h  u s a g e  
t h a t  i t  i s  s u b j e c t  t o ,  t h e  co lumn and t h e  e l e c t r o n  
c a p t u r e  d e t e c t o r  r e q u i r e  c o n s i d e r a b l e  m a i n t e n a n c e ,  
c l e a n i n g  and c a l i b r a t i o n .  Zero d r i f t  of t h e  d e t e c t o r  i s  
a n  o n g o i n g  p r o b l e m .  I n  a d d i t i o n ,  t h e  s w i t c h i n g  v a l v e ,  
w h i c h  u s e s  a  s p o o l  v a l v e  a r r a n g e m e n t  w i t h  O - r i n g s ,  
r e q u i r e s  maintanence.  S m a l l  l e a k s  f rom t h e  p r e s s u r i z e d  
SF6 s u p p l x  h a v e  a l s o  b e e n  a  s o u r c e  o f  d i f f i c u l t y .  
Normally t e  equipment  is p l a c e d  w i t h i n  t h e  house be ing  
measured and c o n s e q u e n t l y  s m a l l  SF6 l e a k s  w i l l  g i v e  a  
f a l s e  i n d i c a t i o n  o f  t h e  a i r  c h a n g e  r a t e .  Compar ing  
e x p e r i e n c e  w i t h  o t h e r  i n v e s t i g a t o r s ,  t h e  m a i n t a n e n c e  
problems s i t e d  h e r e  t e n d  t o  f a v o r  a  c h o i c e  of i n f r a r e d  
e q u i p m e n t  i f  t h e  h i g h e r  c o n c e n t r a t i o n s  (50  ppm r a n g e )  
a r e  t o l e r a b l e ,  

5. CONTINUOUS I N J E C T I O N  TRACER GAS SYSTEM 

C o n t i n u o u s  i n f i l t r a t i o n  m o n i t o r i n g  s y s t e m  u s i n g  t h e  
c o n t i n u o u s  i n j e c t i o n  mode h a s  b e e n  d e v e l o p e d  a t  
L a w r e n c e  B e r k e l e y  L a b o r a t o r y  i n  t h e  U n i t e d  S t a t e s  t o  
p e r m i t  automated  measurement of i n £  i l t r a t i o n  i n  a  t e s t  
s p a c e  a t  ha l f -hour  i n t e r v a l s .  T h i s  d e s i g n  d e c i s i o n  was 
b a s e d  upon s t a b i l i t y  c o n s i d e r a t i o n s  i n  t h e  f e e d b a c k  
l o o p  o f  t h e  c o n t r o l l e r .  T h i s  u n i t  o r i g i n a l l y  u s e d  N 0  
w i t h  a n  i n f r a r e d  a n a l y s e r  b u t  l a t e r ,  d u e  z o  



env i ronmenta l  r e q u i r e m e n t s  i n  t h e  U,S,, was m o d i f i e d  t o  
u s e  SF w i t h  a n  i n f r a r e d  a n a l y s e r ,  The s y s t e m  w a s  
designe% t o  p e r m i t  r e s e a r c h e r s  t o  c a r e f u l l y  examine t h e  
mechanisms t h a t  d r i v e  i n f i l t r a t i o n ,  i.e, t h e  e f f e c t s  of 
weather  and mechan ica l  sys tems.  The sys tem is d e s i g n e d  
around a  microcomputer  t h a t  (1) c o n t r o l s  t h e  i n j e c t i o n  
of t r a c e r  i n t o  t h e  t e s t  s p a c e ,  (2)  s e l e c t s  t h e  sampl ing  
p o r t  used d u r i n g  a n  i n t e r v a l ,  ( 3 )  p r o c e s s e s  and r e c o r d s  
w e a t h e r  and  s y s t e m  o p e r a t i o n  d a t a ,  ( 4 )  c a l c u l a t e s  and  
r e c o r d s  h a l f - h o u r  a v e r a g e  i n f i l t r a t i o n  v a l u e s  a n d  ( 5 )  
c o m p u t e s  a  new i n j e c t i o n  f l o w  r a t e  b a s e d  upon t h e  
c a l c u l a t e d  i n f i l t r a t i o n  t o  keep  t h e  c o n c e n t r a t i o n  l e v e l  
i n  t h e  t es t  space  w i t h i n  a  p a r t i c u l a r  t a r g e t  range, The 
c a l c u l a t i o n  of  i n f i l t r a t i o n  i s  made u s i n g  e q u a t i o n  (6) .  
I n  p r a c t i c e  e q u a t i o n  ( 6 )  i s  s o l v e d  n u m e r i c a l l y  by  t h e  
microcomputer  u s i n g  a  s e a r c h  a l g o r i t h m  t h a t  f i n d s  t h e  
s e t  Q r  C1 and  V h a v i n g  maximum l i k e l i h o o d  c o n s i s t e n t  
w i t h  t h e  m e a s u r e d  v a l u e s  o f  C a n d  F f o r  t h e  t i m e  
i n t e r v a l ,  The f l o w  r a t e  is t h e n  i n c r e a s e d  o r  d e c r e a s e d  
t o  a  new v a l u e  f o r  t h e  n e x t  ha l f -hour  i n t e r v a l  t o  keep  
t h e  c o n c e n t r a t i o n  w i t h i n  a  p a r t i c u l a r  range,  

6. SIMPLE AND LOW-COST TRACER GAS TECHIQUES 

I n  an e f f o r t  t o  d e v e l o p  s i m p l e  and i n e x p e n s i v e  methods 
w h i c h  c a n  b e  u s e d  b y  i n e x p e r i e n c e d  p e r s o n n e l ,  
r e s e a r c h e r s  i n  t h e  U.S, h a v e  d e v e l o p e d  t w o  t e c h n i q u e s  
which can  d e t e r m i n e  t h e  n a t u r a l  a i r  i n f i l t r a t i o n  r a t e s  
w i t h  a  min imal  e f f o r t ,  The main r e a s o n s  t h a t  t h e  t r a c e r  
g a s  methods a r e  c o m p l i c a t e d  and e x p e n s i v e  a r e :  (1) t h e  
c o n c e n t r a t i o n  m o n i t o r i n g  equipment  i s  c o s t l y ,  ( 2 )  i t s  
u s e  r e q u i r e s  h i g h l y  t r a i n e d  t e c h n i c i a n s ,  and  ( 3 )  t h e  
d u r a t i o n  o f  t h e  t e s t  i s  u s u a l l y  2  t o  4 h o u r s .  However ,  
i f  o n e  i s  n o t  i n t e r e s t e d  i n  a  d e t a i l e d  h i s t o r y  o f  t h e  
a i r  i n f i l t r a t i o n  r a t e ,  b u t  w a n t s  o n l y  t h e  t o t a l  a i r  
exchange r a t e  o v e r  a  p e r i o d  o f  s p e c i f i e d  t i m e ,  t h e n  it 
i s  p o s s i b l e  t o  r e m o v e  t h e  t r a c e r  g a s  m o n i t o r i n g  
e q u i p m e n t  f o r m  t h e  f i e l d  s i t e  and  u s e  a i r  s a m p l e  b a g s  
o r  c o n t a i n e r s  t o  c o l l e c t  t h e  c o n c e n t r a t i o n  l e v e l s  o f  
t h e  t r a c e r  a t  s p e c i f i c  i n s t a n t s  [7-111, T h i s  method h a s  
been used by NBS t o  e v a l u a t e  t h e  a i r  i n £  i l t r a t i o n  r a t e s  
i n  a  n a t i o n a l  s a m p l e  o f  o v e r  2 0 0  homes  i n  t h e  U n i t e d  
S t a t e s .  The method i s  shown s c h e m a t i c a l l l y  i n  f i g u r e  7. 
The t r a c e r  g a s   SF^) i s  i n i t i a l l y  i n j e c t e d  i n t o  t h e  
d w e l l i n g  u s i n g  s y r i n g e s .  A f t e r  a  m i x i n g  t ime o f  a b o u t  
1/2 hour,  a n  i n i t i a l  a i r  s a m p l e  is t a k e n  on each s t o r e y  
of  t h e  b u i l d i n g ,  The t r a c e r  g a s  i s  a l l o w e d  o t  decay f o r  
a  p e r i o d  o f  1 t o  2  h o u r s  a n d  a  s e c o n d  s e t  o f  a i r  
s a m p l e s  i s  t a k e n  on e a c h  s t o r e y ,  The a i r  s a m p l e s  a r e  
s h i p p e d  t o  a  l a b o r a t o r y  a n d  a n a l y z e d  f o r  t h e i r  
c o n c e n t r a t i o n s .  The a i r  i n f i l t r a t i o n  r a t e  i s  d e t e r m i n e d  
by e q u a t i o n  (4), F i g u r e  8 s h o w s  t h e  r e s u l t s  o f  t h e s e  
tests f o r  t h e  f i r s t  h e a t i n g  season  of t h e  p r o j e c t  [12] .  



For c o m p a r i s o n  f i g u r e  9 s h o w s  t h e  i n d u c e d  a i r  f l o w  a t  
5 0  Pa f o r  t h e  same  s e t  o f  homes. P r i n c e t o n  U n i v e r s i t y  
h a s  a l s o  u s e d  t h i s  me thod  i n  t h e i r  f i e l d  s t u d i e s .  The 
i n d i v i d u a l  f l o o r  r e a d i n g s  i n  f i g u r e  1 were  o b t a i n e d  by 
t h i s  method. During t h e  performance  of  t h i s  tes t ,  l o c a l  
w e a t e r  d a t a  a r e  u s u a l l y  r e c o r d e d .  T h e  s e c r e t  t o  
i m p l e m e n t i n g  t h i s  p r o c e d u r e  s u c c e s s f u l l y  a r e :  (1) 
deve lop ing  a n  a c c u r a t e  and s i m p l e  i d e n t i f i c a t i n  l a b e l  
f o r  e a c h  c o n t a i n e r ,  ( 2 )  s l o w  and u n i f o r m  i n j e c t i o n  o f  
t h e  t r a c e r ,  u s u a l l y  a c c o m p l i s h e d  by h a v i n g  t h e  p e r s o n  
p e r f o r m i n g  t h e  t e s t  w a l k  s l o w l y  a r o u n d  t h e  d w e l l i n g  
g r a d u a l l y  d e p r e s s i n g  t h e  s y r i n g e  w h i l e  waving h i s  arms 
and ( 3 )  o b t a i n i n g  a n  i n t e g r a t e d  s a m p l e  by w a l k i n g  
a r o u n d  e a c h  s t o r e y  s l o w l y  f i l l i n g  t h e  a i r  s a m p l e  
c o n t a i n e r .  The a c c u r a c y  o f  t h e  method  i s  a s s u r e d  by 
w a i t i n g  more t h a n  1 hour between samples  [13] .  

An a v e r a g e  i n £  i l t r a t i o n  m o n i t o r  ( A I M )  h a s  b e e n  
d e v e l o p e d  a t  LBL t o  p e r m i t  s i m p l e ,  u n a t t e n d e d  
m e a s u r e m e n t  o f  t h e  l o n g - t e r m  i n f i l t r a t i o n  r a t e s  o f  a  
house .  T h i s  m o n i t o r  p r o d u c e s  a  m e a s u r e  o f  t h e  a v e r a g e  
a i r  i n f i l t r a t i o n  r a t e  o f  t h e  house d u r i n g  t h e  t i m e  t h e  
e q u i p m e n t  i s  i n  t h e  d w e l l i n g ,  T y p i c a l  l o n g - t e r m  
i n f i l t r a t i o n  measurements  r e q u i r e  s i g n i f i c a n t  amounts 
of  p a t i e n c e  o n  t h e  p a r t  o f  t h e  b u i l d i n g  o c c u p a n t s ,  I n  
a d d i t i o n ,  s t a n d a r d  l o n g - t e r m  s y s t e m s  r e q u i r e  s k i l l e d  
p e r s o n n e l  f o r  i n s t a l l a t i o n ,  The A I M  s y s t e m  m i n i m i z e s  
b o t h  t h e  i n c o n v e n i e n c e  t o  t h e  o c c u p a n t  a n d  t h e  
t e c h n i c a l  s k i l l s  r e q u i r e d  t o  i n s t a l l  t h e  s y s t e m .  The 
A I M  c o n s i s t s  o f  t w o  s m a l l  s u i t c a s e s ,  o u t w a r d l y  
i d e n t i c a l ,  c a l l e d  a n  i n j e c t o r  arid a s a m p l e r .  Each 
c o n t a i n s  a  s m a l l  p o s i t i v e - d i s p l a c e m e n t  s o l e n o i d  pump 
t h a t  i s  p u l s e d  a t  a  r a t e  c o n t r o l l e d  by a n  i n t e r n a l  
t i m e r ,  The pump connected  t o  g a s  sample  bag, i s  e i t h e r  
s l o w l y  empt ied ,  i n j e c t i n g  t r a c e r  g a s  i n t o  t h e  s p a c e  t o  
b e  t e s t e d ,  o r  f i l l e d ,  s a m p l i n g  t h e  m i x t u r e  of  t r a c e r  
g a s  a n d  room a i r  p r e s e n t  i n  t h e  s p a c e .  Us ing  e q u a t i o n  
(7), t h e  a v e r a g e  a i r  i n f i l t r a t i o n  r a t e  c a n  b e  
de te rmined  by measur ing  t h e  c o n c e n t r a t i o n  i n  t h e  sample  
bag. A d e t e r m i n a t i o n  of t h e  c o n c e n t r a t i o n  of  t r a c e r  g a s  
c o l l e c t e d  i n  t h e  s a m p l e  b a g  i s  a  m e a s u r e  o f  t h e  t i m e  
a v e r a g e  c o n c e n t r a t i o n  o v e r  t h e  d u r a t i o n  of  t h e  t e s t ;  
knowing t h e  t h e  t i m e  i n t e r v a l  of t h e  c o n s t a n t  i n j e c t i o n  
and t h e  t o t a l  volume o f  t r a c e r  g a s  i n j e c t e d  i n t o  t h e  
t e s t  s p a c e  g i v e s  t h e  i n j e c t i o n  r a t e ,  F. I t  i s  i m p o r t a n t  
t o  n o t e  t h a t  t h e  A I M  s y s t e m  m e a s u r e s  t h e  t o t a l  
v e n t i l a t o n  r a t e .  T h i s  m e a n s  t h a t  v e n t i l a t i o n  c h a n g e s  
d u e  t o  o c c u p a n t  b e h a v i o r  ( u s i n g  m e c h a n i c a l  s p o t  
v e n t i l a t i o n ,  opening windows, e tc . )  a r e  inc luded  i n  t h e  
measured a i r  exhange r a t e s ,  Consequently,  combining t h e  
A I M  mesurement sys tem w i t h  f a n  p r e s s u r i z t i o n  tests of 
t h e  b u i l d i n g  t i g h t n e s s  ( w h i c h  c a n  b e  u s e d  t o  p r e d i c t  
t h e  i n f i l t r a t i o n  o f  t h e  c l o s e d  s h e l l  o f  t h e  s t r u c t u r e )  
a l l o w s  a  r e s e a r c h e r  t o  e x t r a c t  i n f o r m a t i o n  a b o u t  t h e  
o c c u p a n c y  c o n t r i b u t i o n  t o  t h e  v e n t i l a t i o n  i n  t h e  



b u i l d i n g .  

7. CONCLUSIONS 

The s t a t e  o f  t h e  a r t  i n  m e a s u r i n g  a i r  i n f i l t r a t i o n  i n  
b u i l d i n g s  h a s  p r o g r e s s e d  r a p i d l y  i n  t h e  l a s t  s e v e r a l  
y e a r s  a n d  i t  i s  now p o s s i b l e  t o  m e a s u r e  t h e  a i r  
i n f i l t r a t i o n  r a t e  i n  a  b u i l d i n g  by means commemsurate 
w i t h  t h e  e f f o r t  r e q u i r e d  t o  d e t e r m i n e  t h e  o t h e r  
p a r a m e t e r s  w h i c h  i n f l u e n c e  t h e  e n e r g y  p e r f o r m a n c e  of  
t h e  b u i l d i n g .  I t  i s  p o s s i b l e  t o  d e p l o y  a u t o m a t e d  a i r  
i n f i l t r a t i o n  m o n i t o r i n g  equipment  which a u t o m a t i c a l l y  
c o l l e c t s  and a n a l y z e s  a i r  i n f  i l t r a t i o n  r a t e s  u s i n g  
microcomputer  and m i c r o p r o c e s s o r  based equipment. I t  i s  
a l s o  p o s s i b l e  t o  u s e  l o w - c o s t  m e t h o d s  i n  a u d i t  t y p e  
a p p l i c a t i o n s  f o r  d e t e r m i n i n g  t h e  a i r  i n f i l t r a t i o n  i n  
l a r g e  samples  of b u i l d i n g s .  
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F i g u r e  5 .  T y p i c a l  S e q u e n c e  o f  T e s t  D a t a  F r o m  T o w e r  o f  P a r k  
P l a z a  B u i l d i n g .  
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F i g u r e  6 .  D a i l y  A v e r a g e  A i r  E x c h a n g e  R a t e s  F o r  P a r k  P l a z a  
B u i l d i n g .  

1 1  I 1 ,  I I I I 1 I , , I , ,  , , , , , , , , .  
- DAKY AIR EXCHANGE RATE - 
- Park Plaza Newark, NJ - 
- HVAC return -I 



S T E P  1 
lNJECTlON 

STEP 3 
FILL SAMPLE 
BAG 

STEP 5 
FILL 2nd 
Sb.MPLf BAG 

STEP 2 
MIXING 
s-1 hr. 

STEP 4 
WAIT  1-2.hrs. 

STEP 6 
SHIP BAGS TO 
LABORATORY 

STEP 7 7 

FIELD 
E O U l P M l H T  dd  Hi3-  

HAND SAMPLE 
SYRINGES OF PUMP AIR SAMPLE BAGS 

TRACER GAS Sf6 12 per floor] 

F i g u r e  7 .  S c h e m a t i c  o f  Air  I n f i l t r a t i o n  Measur ing  T e c h n i q u e  
U s i n g  Air  Sample C o n t a i n e r s .  



HISTOGRAM OF AIR EXCHANGE RATES 
ALL 14 CITIES 

Wo. OF HOUSES = 266 

no. OF READINGS = 1048 

a = 1.12 HR-I 

u = 0.86 HR" 

AIR EXCHANGE RATE [HR-'1 

F i g u r e  8 .  H i s t o g r a m  o f  A i r  I n f i l t r a t i o n  R a t e s  i n  Homes i n  
CSA/NBS W e a t h e r i z a t i o n  D e m o n s t r a t i o n  P r o j e c t .  

204 TESTS - 
P50 = 22.52 

S.D. = 39.31 

AIR EXCHANGES PER HOUR 

F i g u r e  9 .  H i s t o g r a m  o f  I n d u c e  Air Exchange R a t e s  a t  50 Pa 
i n  Homes i n  CSA/MBS W e a t h e r i z a t i o n  D e m o n s t r a t i o n .  


